Characteristic thermodynamic properties of hydrated water for 20 amino acid residues in globular proteins.
Thermodynamic properties associated with hydrated water of proteins of known three-dimensional structure were computed and average values of hydration free energy, enthalpy, and heat capacity of unfolding for every amino acid residue were obtained. Each amino acid residue had characteristic values; in particular, the quantities for a side chain reflected the character of the amino acid, while those for the main chain were more or less the same except for glycine, alanine, and proline. The major contribution to the quantities was from the end group(s) of a side chain. The following interesting features were found. 1) The hydration quantity of unfolding derived from the native and extended conformations for a protein was approximately equal to the sum of the corresponding average quantities of component amino acid residues in the protein. 2) The profile of a quantity such as hydration free energy of unfolding along the sequence computed from the accessible surface areas of the native and extended conformations showed a strong correlation with the profile obtained by allocating the average value for the amino acid residue at every position on the sequence. The correlation coefficients between two profiles for unfolding quantities of hydration, i.e., free energy, enthalpy, heat capacity, and free energy of side chain are 0.72, 0.62, 0.80, and 0.75, respectively. Thus, every amino acid residue in the native conformation of a globular protein seems to be located in such a position that a thermodynamic quantity for each residue is approximately equal to its average value.